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(57) ABSTRACT 

An accounting method and system is disclosed that provides 
for real time ?nancial accounting of plant performance at a 
sub-plant level. A multiplicity of process variable transmit 
ters is utiliZed to sense, in real time, the current state of the 
processes and process equipment used in a manufacturing 
plant. Sub-plant accounting modules utilize the sensed pro 
cess data to calculate a plurality of sub-plant accounting 
measures, Which are stored in one or more real time plant 
historian. The accounting measures are typically converted to 
a suitable format and subsequently stored in a production 
model accounting database Where they are accessible to an 
accounting module. 
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SYSTEM AND METHOD FOR REAL-TIME 
AC TIVITY-BASED ACCOUNTING 

RELATED APPLICATION 

[0001] This application is a continuation of prior US. 
application Ser. No. 10/120,992, Filed Apr. 22, 2002, entitled 
A System and Method for Real-Time Activity-Based 
Accounting; Which claims the bene?t of US. Provisional 
Application Ser. No. 60/351,598, entitled A System and 
Method for Real-Time Activity-Based Accounting, ?led J an. 
25, 2002. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 
[0003] The present invention relates generally to account 
ing systems and/or enterprise resource planning (ERP) sys 
tems. This invention more particularly relates to a sensor 

based accounting system for providing real-time, activity 
based accounting for both unit and plant Wide operations in a 
manufacturing plant. 
[0004] (2) Background Information 
[0005] Conventional cost accounting systems are typically 
inadequate as decision support systems or as a tool for the 
measurement and/or analysis of manufacturing performance. 
Most conventional cost accounting systems Were designed as 
?duciary reporting systems, Which typically require monthly 
and/or quarterly reporting, rather than as decision control 
systems, Which typically require real-time and daily feed 
back. Therefore, the information collected and reported does 
not tend to support minute-to-minute and/or day-to-day 
operational activities. Furthermore, the resolution of a con 
ventional cost accounting system tends to be limited to plant 
level analysis. For example, a conventional cost accounting 
system records the total number or amount of product(s) 
made in a given unit of time (e. g., monthly) and divides that 
number or amount by the total costs (e.g., total energy con 
sumption plus the total material costs plus ?xed overhead 
costs) to arrive at a price per unit or price per unit volume. It 
therefore tends to be di?icult to obtain accurate economic 
information on a unit operation or plant area level. These 
limitations tend to be acutely realiZed during cost bene?t 
analysis of various process improvement activities. Senior 
management generally looks to a ?nance and/or accounting 
function for con?rmation (especially as it relates to costs) of 
process improvements. Unfortunately, as described above, 
conventional accounting systems lack the information 
required (both at a unit operation level and temporally) to 
provide con?rmation. 
[0006] The limitations of conventional accounting systems 
have been addressed in part by Ebling, et al., in US. Pat. No. 
4,864,507 entitled “Method andApparatus for Process Manu 
facture Control”, Which is hereinafter referred to as the Ebling 
patent and Which is fully incorporated by reference herein. 
The Ebling patent discloses a digital data processing appara 
tus for manufacturing process control having a production 
modeling element for generating and storing a production 
model representative of various manufacturing relations. The 
production models may be con?gured to de?ne the signi?cant 
sub-plant components, such as the unit operations and plant 
areas, and to provide accounting information by these com 
ponents. MARCAM® Corporation (Needham, Mass.) has 
successfully marketed this approach in both its PRISM® and 
PROTEAN® softWare packages, Which are Widely consid 
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ered to be an improvement over conventional accounting 
systems, particularly for relatively complex operations, such 
as a specialty chemical plant in Which a Wide variety of 
resources are consumed in the production of a broad line of 
products, and/or Wherein complex interrelationships exist 
betWeen various unit operations. Nevertheless, despite its 
advantages and relatively successful commercial sales over 
the past decade, this approach remains limited in that it typi 
cally requires plant level costs, such as utilities, to be allo 
cated (based on an arbitrary mechanism to the predetermined 
production model as described hereinabove) to each sub 
plant component. This approach tends to limit the usefulness 
of such accounting systems since at the sub-plant level it only 
provides an estimate (based on the production model) of the 
actual accounting information. This approach is further lim 
ited as a decision support system (e.g., for critically evaluat 
ing process improvement measures) since the estimates tend 
to reinforce the production model assumptions rather than 
providing independently measured accounting data. 
[0007] An alternate approach has been disclosed by Bea 
verstock, et al., in US. Pat. No. 5,134,574, entitled “Perfor 
mance Control Apparatus and Method in a Processing Plant”, 
Which is hereinafter referred to as the Beaverstock patent and 
Which is fully incorporated by reference herein. The approach 
of the Beaverstock patent is advantageous in that it discloses 
a sensor-based control apparatus for providing near real-time 
indication of the performance of plant operations. These 
dynamic performance measures (DPMs) are typically engi 
neering measurements such as quality, yield, doWntime, pro 
duction volume, and/or production cost and may further be 
used to supplement conventional process control methodolo 
gies. Nevertheless, despite this advancement, the apparatus 
described in the Beaverstock patent tends to be limited in that 
it may be essentially thought of as an engineering tool for 
optimiZing manufacturing processes. As such it does not pro 
vide for even the rudimentary accounting requirements of a 
plant, such as an accounting of pro?t and loss (at either a plant 
or sub-plant level). Furthermore, and partly as a result of the 
above, the dynamic performance measures (particularly those 
expressed as costs) tend to lack credibility With senior man 
agement and those in the accounting and/or ?nancial func 
tional areas of a business. 

[0008] Therefore, there exists a need for an accounting 
system that overcomes the limitations of the systems 
described hereinabove and that provides near real time 
accounting measures at both plant and sub-plant (e.g., unit 
operations) levels and for near real time decision support for 
both the engineering and accounting functions of a manufac 
turing plant. 

SUMMARY OF THE INVENTION 

[0009] One aspect of the present invention includes a real 
time activity based accounting system for a manufacturing 
plant having at least one manufacturing process. The account 
ing system includes at least one sub-plant accounting module 
con?gurable to receive process data from one or more sensors 
associated With the manufacturing process. The sub-plant 
accounting module includes computer readable program 
code for calculating one or more sub-plant accounting mea 
sures using the process data. A process historian is coupled to 
at least one of the sub-plant accounting modules. A transla 
tion module is coupled to the process historian. A production 
model accounting database is con?gured to receive the 
accounting measures from said translation module, and an 
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accounting port is operatively associated With the production 
model accounting database, for interfacing With an account 
ing module. 
[0010] Another aspect of the invention includes a real-time 
activity based accounting system for a manufacturing plant 
having at least one manufacturing process. The accounting 
system includes a multiplicity of process variable transmit 
ters coupled to a plurality of process equipment in a manu 
facturing plant for providing signals indicative of the states of 
the manufacturing process and a plurality of sub-plant 
accounting modules con?gured to receive process data from 
one or more of the process variable transmitters, the sub-plant 
accounting modules including computer readable program 
code for calculating one or more sub-plant accounting mea 
sures from the process data. The accounting system further 
includes a process historian module, coupled to at least one of 
the plurality of sub-plant accounting modules, a translation 
module coupled to the process historian, the translation mod 
ule including computer readable program code for formatting 
the sub-plant accounting measures stored in the process his 
torian module into a suitable format, a production model 
accounting database con?gured for receiving, storing and 
partitioning accounting measures from the translation mod 
ule, and an accounting module coupled to the production 
model accounting database, the accounting module con?g 
ured to provide accounting and reporting functionality. 
[0011] In another aspect, this invention includes a method 
for providing real-time, sensor-based accounting in a manu 
facturing plant. The method includes capturing process data 
With a multiplicity of process variable transmitters, the pro 
cess variable transmitters being coupled to process equip 
ment in the manufacturing plant. The method further includes 
computing a plurality of real-time, sub-plant accounting mea 
sures from the process data, and storing the real-time, sub 
plant accounting measures in a process historian. The sub 
plant accounting measures are converted into a format useful 
for an accounting system, and loaded into a production model 
accounting database. Sub-plant and plant level accounting 
functions are selectively performed on the accounting mea 
sures loaded in the production model accounting database to 
acquire an accounting analysis. Results are then displaying. 
[0012] In yet another aspect, this invention includes a 
method for implementing a real-time activity based account 
ing system for a manufacturing plant having a plurality of 
manufacturing processes. The method includes analyZing 
plant production How and manufacturing strategy, determin 
ing plant accounting requirements and required sub-plant 
accounting measures, and installing process variable trans 
mitters. The method further includes building a plurality of 
sub-plant accounting modules, each of the plurality of sub 
plant accounting modules including computer readable pro 
gram code for receiving process data from at least one of the 
process variable transmitters and using the process data to 
compute one or more sub-plant accounting measures, con?g 
uring a process historian to receive real-time sub-plant 
accounting measures from the sub-plant accounting modules, 
programming a translation modules for formatting the real 
time sub-plant accounting measures into a format suitable for 
the accounting system, and structuring a production model 
accounting database to include a plurality of sections relating 
to said plurality of manufacturing processes. An accounting 
module is con?gured for selectively performing sub-plant 
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and plant level accounting analysis from sub-plant account 
ing measures stored in the production model accounting data 
base. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram of the accounting system 
of the present invention; 
[0014] FIG. 2 is a block diagram of another embodiment of 
the accounting system of this invention; 
[0015] FIG. 3 is a block diagram of still another embodi 
ment of the accounting system of this invention; 
[0016] FIG. 4 is a block diagram of yet another embodi 
ment of the accounting system of this invention; and 
[0017] FIG. 5 is a How chart of a method for implementing 
the accounting systems of FIGS. 1-4 in a typical manufactur 
ing plant environment. 

DETAILED DESCRIPTION 

[0018] A manufacturing or process plant employs various 
and numerous items of equipment to implement different 
functions or effects on source materials to form desired ?n 
ished products. The different pieces of equipment or groups 
thereof are generally referred to herein as process equipment. 
Examples of process equipment include vats, mixers, heating 
units, conveyer belts, pumps, evaporators, ?lters, boilers, 
generators, reaction chambers, and the like. The functions 
provided by the different pieces of equipment or groups 
thereof are generally referred to herein as processes or unit 
operations. Examples of processes include separation, mix 
ing, evaporating, distilling, extracting, crushing, Welding, 
polishing, and the like. Multiple processes or unit operations 
are often grouped together and referred to in the singular as a 
plant area. Further, Where used in this disclosure, the term 
computer generally refers to any suitable processing device 
including, a programmable digital computer, microprocessor, 
microcontroller, etc., including dedicated, embedded, and 
general-purpose computers, programmable logic controllers 
(PLCs), Workstations, and/ or mainframes. 
[0019] In general, the present invention includes a real 
time, activity-based accounting system, typically for use in 
manufacturing and/ or processing plants and may provide for 
real time (e g, minute-by-minute or day by day) ?nancial 
accounting of plant performance at a sub-plant level (e. g., at 
a process equipment, unit operations, orplant area level). This 
invention generally employs real-time sensing of the current 
state of the processes and process equipment used in the 
manufacturing plant. The sensed process data is utiliZed to 
calculate sub-plant accounting measures (e.g., material cost, 
utility cost, or production rate for a single process), Which are 
stored in one or more real-time plant historians (e. g., database 
management systems). The real-time sub-plant accounting 
measures are typically converted into a format suitable for an 
accounting system structured to provide both sub-plant and 
plant Wide accounting analysis. 
[0020] Referring brie?y to FIGS. 1-4, an accounting sys 
tem 100 according to the principles of the present invention is 
illustrated. System 100 includes a multiplicity of process 
sensors 140a, 140b, 1400, 140d, 140e, 140f (hereinafter 
referred to as 140a-f) con?gured for real time monitoring of 
process variables. In various embodiments, process sensors 
140a-f include conventional process variable transmitters 
(e.g., available from Invensys Systems, Inc., Foxboro, 
Mass.), Which capture and transmit sensed process data. 
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These sensors 140a-f are linked to a plurality of sub-plant 
accounting modules 130a, 130b, 1300 (hereinafter referred to 
as 130a-0), Which convert the process data into sub-plant 
accounting measures (e.g., material costs at a unit operation 
level). The sub-plant accounting modules 130a-0 are linked to 
at least one process historian 120, Which stores the sub-plant 
accounting measures, and Which is further linked (e.g., 
through a translation module 125 and production model data 
base 115) to a plant accounting module 110, con?gured to 
provide standard accounting and reporting functionality. 
Translation module 125 formats the sub-plant accounting 
measures generated by sub-plant accounting modules 130a-0 
into a form suitable for plant accounting module 110. Pro 
duction model database 115 is con?gured according to the 
particular process How and accounting needs for the plant, 
and Will be described in greater detail hereinbeloW. 

[0021] The present invention is advantageous in that it pro 
vides for both traditional plant accounting functions as Well 
as a real time ?nancial accounting of plant performance at a 
sub-plant level. This invention is further advantageous in that 
it provides for strategic decision support based on sensor 
based ?nancial measures at both the plant and sub-plant lev 
els. Further, this invention provides for ?nancial analysis of 
plant and sub-plant performance and performance improve 
ment measures in real time (e.g., hourly or daily). This inven 
tion is yet further advantageous in that it may overcome the 
drawbacks of the prior art systems described hereinabove. 
Other and still further advantages of this invention are 
described hereinbeloW in a discussion of various embodi 
ments thereof. 

[0022] Referring noW to the Figures in greater detail, as 
shoWn in FIG. 1, accounting system 100 (as Well as systems 
100', 100", and 100'" ofFlGS. 2-4) includes a multiplicity of 
sensors 140a-f con?gured for real-time monitoring of process 
variables. Speci?cally, each sensor 140a-f typically provides 
signals indicative of the current state of one aspect of a par 
ticular process Within a manufacturing plant. Depending 
upon the complexity of the manufacturing operation and upon 
the resolution of accounting data required to satisfy strategic 
objectives, system 100 may include any number of sensors 
14011-1‘, typically ranging from a feW for a relatively simple 
process to many hundreds or even thousands for a more 

complex process, such as an oil re?nery. The sensors 140a-f 
may include substantially any type of device capable of sens 
ing or generating data of interest such as but not limited to 
temperature, pressure, How rate, velocity, volume, Weight, 
pressure, voltage, and current sensors; analytical measure 
ment devices, timers, counters, meters, control elements such 
as valves and sWitches, and/or other data logging devices. 
One example of a sensor 140a-f, including a process variable 
transmitter, includes a conventional mass ?oW meter for mea 
suring the mass of ?uid ?oWing through a conduit, such as an 
83 Series VortexTM ?oWmeter available from lnvensys Sys 
tems, Inc. 
[0023] Accounting system 100 further includes a plurality 
of sub-plant accounting modules 130a-0, each of Which is 
con?gured to receive process data from one or more sensors 
and to calculate direct real-time sub-plant accounting mea 
sures therefrom. For example, in one embodiment, a sub 
plant accounting module 130a-0 includes an algorithm for 
converting ?oW rate data from a mass ?oW meter into feed 
stock cost for a single unit operation. Alternatively, another 
sub-plant accounting module 130a-0 may include an algo 
rithm for converting ?oW rate data from a mass ?oW meter 

Jun. 17, 2010 

into a production rate. Each sub-plant accounting module 
130a-0 thus provides an accounting measure (i.e., accounting 
data) for a particular aspect of the manufacturing process. 
System 100 may include any number of sub-plant accounting 
modules 130a-0, as described hereinabove With respect to 
sensors 140a-f,‘ typically ranging from a feW for a relatively 
simple process to many hundreds or even thousands for a 
more complex process. 

[0024] Each sub-plant accounting module 130a-0 includes 
computer readable program code for computing sub-plant 
accounting measures from real-time, sensor-based process 
data. Modules 130a-0 are typically programmed using object 
oriented programming techniques knoWn to those skilled in 
the art. For example, in one embodiment, the sensor-based 
process data is represented by input blocks, Which are input 
into modules 130a-0 by specifying the input block parameter 
(s) (e.g., ?eld or record) of interest. A preprogrammed algo 
rithm block may then perform computations on the obtained 
input data as directed by predetermined mathematical rela 
tionships. The output of modules 130a-0 is typically stored in 
either a local or global historian 120 as described in more 
detail hereinbeloW. The sub-plant accounting modules 
130a-0 are con?gured to execute (i.e., read the inputs from the 
input blocks and generate output blocks for storage in histo 
rian 120) at a predetermined frequency. This frequency of 
execution is dependent on the manufacturing process, process 
equipment, and the process sensors 140a-f,‘ as Well as on the 
operational strategies of the particular plant, but typically 
ranges from about ten per second to about one per minute. In 
one embodiment, each accounting module 130a-0 includes 
e.g., a JAVA® (Sun Microsystems, Inc., Palo Alto, Calif.) 
application (or applet) that implements the receiving of the 
input block, calculation of the accounting measure(s), and the 
storing thereof into an output block (Which may be accessed 
by historian 120) at a predetermined interval. 
[0025] By Way of example, and not limitation, an account 
ing module 130a-0 useful in a poWer plant, such as may be 
found in any major industrial manufacturing operation, is 
considered. For instance, the objective of a poWer plant is to 
provide energy in its various forms to the various processing 
areas Within the plant for operating a manufacturing process. 
For the purposes of this example, it is assumed that the poWer 
plant consists of tWo boilers and a generator. Steam from the 
tWo boilers is used both to drive the generator, Which in turn, 
provides electricity for the plant, and to provide steam 
directly to a number of process units in the plant. The plant 
can also purchase electricity from a local utility and can sell 
excess electricity to the utility. 

[0026] Ef?cient operation of this poWer plant requires 
ongoing decisions on the sourcing of plant steam and elec 
tricity. These decisions should be based on the best balance of 
costs and pro?ts around the steam and electric generation and 
the market price of electricity sold through the external poWer 
grid. Making these decisions correctly and on the right time 
frame requires more information about the poWer operation 
available at a faster rate than has traditionally been available 
through either information management systems (e. g., enter 
prise resource planning (ERP) systems) or plant automation 
systems. According to the principles of this invention (and as 
described in more detail hereinbeloW With respect to FIG. 5), 
one of the ?rst steps in providing the required information 
involves a top doWn analysis of the manufacturing plant strat 
egy to determine the necessary sub-plant accounting mea 
sures. For the purposes of this example it is assumed that the 
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analysis identi?es the cost of energy for each boiler, the cost 
ofWater to each boiler, the cost of steam for the generator, the 
value of electricity produced, and the spot price of electricity 
on the external grid. Each of these data points (With the 
exception of the spot price of electricity on the external grid) 
may be modeled in real time using sensor-based process data 
from the poWer plant. The poWer plant Will employ numerous 
sensors, including mass ?oW meters for measuring the How of 
Water and steam, and load cells for measuring the quantity of 
fuel (e.g., coal) consumed in each of the boilers. 
[0027] For the purposes of this example a real time account 
ing measure for the cost of steam to the generator may be 
calculated using Eq. 1 as folloWs: 

(percentage of steam to the generator from boiler #l)>< 
[(incremental coal consumedxvalue of the coal)+(in— 
cremental Water consumed in boiler #lxvalue of the 
Water)]+(percentage of steam to the generator from 
boiler #2)><[(incremental gas consumedxvalue of the 
gas)+(incremental Water consumed in boiler #Zxvalue 
of the Water)] Eq. 1 

[0028] It is appreciated that there are many possible 
approaches to the development of modules 130a-c of the 
present invention. It is also understood that one of ordinary 
skill in the art is familiar With the pertinent subroutines for 
running addition, subtraction, multiplication, division, aver 
aging, percentage calculations, and the like. 
[0029] As mentioned hereinabove, process historian mod 
ule 120 is con?gured for storing the real-time sub-plant 
accounting measures. Historian module 120 is implemented 
in any suitable electronic data storage device, may be imple 
mented in a computer, such as a personal computer (e.g., as 
available from Dell Computer Corporation, Round Rock, 
Tex.), Workstation, or may include a dedicated machine such 
as an l/A SeriesTM historian orAim* ATTM historian available 
from lnvensys Systems, Inc., depending on the storage and 
analysis requirements thereof and the ?exibility requirements 
of the user(s). Process historian 120 may include any suitable 
data storage module, including a commercial database, such 
as MICROSOFT® Access (Microsoft Corporation, Red 
mond, Wash.). HoWever, process historian 120 may also 
include a custom database package suitable for relatively high 
speed and high volume storage of real-time data as is typically 
required in a manufacturing plant. In an exemplary embodi 
ment, historian 120 includes a JAVA® applet that receives 
data from output blocks generated by accounting modules 
130a-c, using SQL (Structured Query Language) and a JDBC 
(JAVA® Database Connectivity) to ODBC (Open Database 
Connectivity) bridge. The data is then stored in the database 
in the ODBC format. Historian 120 may be programmed to 
update at substantially any interval, but typically updates at 
least several times per day. 
[0030] As also mentioned hereinabove, translation module 
125 converts the raW sub-plant accounting measures data 
from historian 120 into a form suitable for plant accounting 
module 110 and/or production model 115 (described in more 
detail hereinbeloW). For example, in order to reconcile the 
relatively high frequency operation of the real-time account 
ing measures 130a-c With the relatively loWer frequency 
operation of a plant accounting module, averages and/or 
totals may be calculated at predetermined intervals. Transla 
tion module 125 typically utiliZes data reduction techniques 
operating on a periodic basis to calculate the average, stan 
dard deviation, maximum, minimum, and/ or total values over 
the speci?ed period. For example, translation module 125 
may compute hourly averages and/ or totals from the real-time 
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(e.g., per minute) sub-plant accounting measures calculated 
at modules 130a-c and stored in historian 120. The sub-plant 
accounting measures may also be reduced (e.g., averaged or 
totaled) at other intervals of interest, such as shift, daily, 
Weekly, monthly, quarterly, and the like. These translated 
values are then typically stored Within the historian 120 or in 
a separate database (or object) Within translation module 125. 
In one embodiment, translation module 125 includes JAVA® 
applets con?gured to perform basic mathematical operations 
on the sub-plant accounting measures, such as calculating the 
average or the total in a predetermined time interval. Alter 
natively, translation module 125 may include one or more 
macros programmed using conventional subroutines (e. g., 
averaging subroutines). 
[0031] As also described above, accounting system 100 
includes a production model accounting database 115 linked 
to translation module 125. Production model accounting 
database 115 includes a database module, e.g., a commer 
cially available database such as a MICROSOFT® SQL 
Server ORACLE® Enterprise Server (Oracle Corporation, 
RedWood Shores, Calif.), or IBM® DB2 (lntemational Busi 
ness Machines Corporation, Armonk, N.Y.), con?gured 
according to the production How and accounting needs of a 
particular manufacturing plant. Typically, database 115 is a 
relational database having a prede?ned schema and is struc 
tured for enabling both general ledger accounting at plant 
level (such as is typically required by plant accounting and/or 
?nancial groups, and discussed beloW With respect to 
accounting module 110) and sub-plant accounting of various 
processes, process equipment, and/or plant areas. Production 
model accounting database 115 may be setup in any number 
of Ways depending upon the particular process equipment 
being used and the manufacturing strategies of the plant. 
Typically the various process equipment, unit operations, and 
plant areas are de?ned in database 115 to enable the direct 
reporting of measures through translation module 125. 

[0032] By Way of illustration, and not limitation, in the 
poWer plant example described hereinabove, database 115 
includes a poWer plant de?nition, Which includes ?elds for 
storing accounting measures related thereto (e. g., the cost of 
energy for each boiler, the cost of Water to eachboiler, the cost 
of steam for the generator, and the value of electricity pro 
duced).As described above, data pertaining to these measures 
are stored in historian 120 (or translation module 125). These 
data may then be communicated to database 115 at a prede 
termined interval (the translation module 125 may ‘push’ data 
to database 115 or database 115 may ‘pull’ data from trans 
lation module 125). For example, accounting database 115 
may issue standard database calls (e.g., in Open Database 
Connectivity (ODBC), Oley Process Control (OPC), or XML 
protocols) at predetermined intervals (e.g., shift, daily, 
Weekly, monthly, etc.). Alternatively, for embodiments of 
historian 120 or translation module 125 that do not support 
standard database protocols, accounting database 115 may be 
provided With a softWare application, such as a JAVA® 
applet, con?gured to import the appropriate data from histo 
rian 120. For example, translation module 125 may be con 
?gured to export data into a ?at ?le, Which is then imported 
into database 115. An import program may be used to insert 
the data in the proper location in database 115 based on 
program code that maps the ?elds from the import ?le to the 
appropriate ?elds in database 115. 
[0033] Accounting system 100 further includes an account 
ing module 110 linked to production model accounting data 
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base 115. Accounting module 110 includes a software mod 
ule providing standard accounting and reporting functionality 
(e. g., general ledger type functionality). The combination of 
accounting module 110 and accounting database 115 pro 
vides for both plant and sub-plant level accounting analysis at 
substantially any time interval (e g, minute-by-minute, day 
by-day, and/or month-by-month). As transactions, such as 
usage, consumption, and production are measured via 
accounting measures 130a-c, journal entries are generated for 
posting to accounting module 110 so that appropriate 
accounts are debited and credited. Module 110 is con?gured 
to retrieve the appropriate data from accounting database 115 
and make the required computations. Module 110 is typically 
further con?gured for reporting accounting analysis in one or 
more suitable formats (e.g., printed reports and/or on-line 
readable reports). Module 110 may be a commercially avail 
able accounting softWare package, such as those available 
from BAAN® Solutions (Baan Development, Netherlands), 
SAP® (SAP Artiengesellschaft, Federal Republic of Ger 
many), and JDE® (J. D. EdWards & Company, Denver, Colo.) 
running on a suitable platform. The accounting system 100 of 
the present invention is typically implemented in a computer 
netWork, such as a local area netWork (LAN) including a 
relatively large number of computers. For example, in one 
embodiment 100' shoWn in FIG. 2, Which is typically desir 
able for relatively complex manufacturing processes, a plant 
business computer 112 (or computer system) including 
accounting module 110 and production model accounting 
database 115 is linked to one or more process and/or plant 
area supervision computers 122, each of Which includes a 
process historian 120 and a translation module 125. The pro 
cess supervision computer(s) 122 are further linked to a plu 
rality of process control computers 132a-c, each of Which 
includes one or more sub-plant accounting modules 130a-c. 
Although FIG. 2 shoWs a single sub-plant accounting module 
130a-c per process control computer 132a-c, the artisan of 
ordinary skill Will readily recogniZe that a single process 
control computer 132a-c may also include tWo or more sub 
plant accounting modules 130a-c. For example, in an alter 
nate embodiment, a single process control computer 132a-c 
may be used for a single unit operation and include tWo or 
more sub-plant accounting modules 130a-c (e.g., one for 
utility costs, one for feedstock cost, and another for produc 
tion rate). 
[0034] Computers 112, 122, and 132a-c and process sen 
sors 140a-f are typically linked using local area netWork 
(LAN) or other commercially available netWork connections 
con?gured to enable nominally any computer in the netWork 
having requisite permissions to obtain sub-plant accounting 
data from any other. Computers 112, 122, and 132a-c and 
process sensors 140a-f may also be linked using substantially 
any other netWorking protocol and hardWare, such as a hard 
Wired telephone line, a cellular telephone link, a ?eldbus, an 
Ethernet or fast Ethernet interface, a LOCALTALK® con 
nection, a satellite or other Wireless connection, a commercial 
radio frequency (RF) communication link, an infrared com 
munication link, or the like, including enhancements or alter 
natives thereto that may be developed in the future. Further, 
computers 112, 122, and 132a-c and sensors 140a-fmay be 
con?gured for enabling a user to remotely connect thereto 
(e. g., direct dial-up using a modem) to obtain status, diagnos 
tics, or other device information. 

[0035] For relatively small and/or less complicated manu 
facturing plants (e.g., a typical food processing plant), system 
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100 may be implemented in a single computer as shoWn in 
embodiment 100" in FIG. 3. For example, accounting system 
100" includes a single computer 114 (including modules 110, 
115, 120, 125, and 130a-c) linked to a multiplicity of sensors 
140a-f Alternatively, system 100 may be implemented in tWo 
or more computers as shoWn in embodiment 100'" in FIG. 4. 
For example, system 100'" includes a plant business computer 
112, including an accounting module 110 and a production 
model accounting database, linked to a plant area supervision 
computer 124, Which includes process historian 120, transla 
tion module 125 and a plurality of sub-plant accounting mod 
ules 130a-c, and is linked to a multiplicity of sensors 140a-f 

[0036] Additionally, each computer, shoWn in FIGS. 2-4, 
may include one or more graphical user interface (GUI) hav 
ing various function menus and/or icons, Which may be actu 
ated by a user to effect various functions knoWn to those 
skilled in the art of GUIs. 

[0037] Referring noW to FIG. 5, one embodiment of a 
method 200 for implementing the accounting system 100 of 
the present invention is discussed. The actual sub-plant 
accounting measures (e.g., calculated in modules 130a-c) 
required for a particular plant operation are a function of both 
the functional layout of the plant processes and the manufac 
turing and/or accounting strategies. The sub-plant accounting 
measures that are most appropriate for various unit operations 
or groups thereof in one plant may not be appropriate at all for 
another plant (even for another plant of a similar type). There 
fore, prior to the physical installation of the accounting sys 
tem 100 of this invention, this method includes optional por 
tions 202, 204, and 206. These optional portions include 
analyZing both the production How 202 and the plant manu 
facturing strategy 204, from Which plant accounting require 
ments 206 and the necessary sub-plant accounting measures 
208 may be determined (blocks 202, 204, and 206 shoWn in 
phantom in FIG. 5). By Way of example (and not limitation) 
a manufacturing plant With a strategy of reducing costs may 
require a relatively high degree of detail regarding utiliZation 
of raW materials and energy through the plant. This plant may 
therefore require a relatively large number of sub -plant 
accounting modules 130a-c to accurately track real time raW 
material and energy consumption at the processes. Altema 
tively, a manufacturing plant With a principle strategy of 
increasing throughput may require a relatively high degree of 
detail regarding rate of output at each of the unit operations 
and may therefore require a relatively large number of sub 
plant accounting modules 130a-c pertaining thereto. 
[0038] Once the speci?c sub-plant accounting measures 
have been determined, the sensor information required 21 0 to 
make the measures is determined. In many manufacturing 
plants the required sensors 140a-f are already installed in the 
process or With process equipment of interest. In some cases, 
neW sensors need to be installed 212 to complete the collec 
tion of sensor-based information required to compute the 
necessary sub-plant accounting measures. Installation of the 
sensors includes connecting them (e.g., via their process vari 
able transmitters) to a netWork and/or directly to the appro 
priate sub-plant accounting modules. Installation may further 
include constructing input blocks for each of the required 
sensor-based inputs. These blocks convert the incoming sen 
sor signals (either analog or digital) into digital values in the 
engineering/economic units required for the calculation of 
the sub-plant accounting measures. As discussed above, each 
input block typically includes a collection of records or ?elds, 
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each of Which holds particular process data. The input block 
may also provide for general system (or network) access to 
process data. 
[0039] After determining the sub-plant accounting mea 
sures and implementing the required sensors at steps 208 and 
212, the sub-plant accounting modules are built 214. As 
described hereinabove, the sub-plant accounting modules 
130a-c are typically programmed using object oriented pro 
gramming techniques knoWn to those skilled in the art. For 
each module 130a-c, an algorithm block is typically pro 
grammed. Each algorithm block is programmed to request or 
otherWise obtain process data from one or more speci?c input 
blocks, perform calculations thereon as directed by the math 
ematical relationships set forth in the algorithm block, and 
direct the output of the calculations to an output block. 
[0040] A process historian 120 is con?gured 216 to receive 
the computed accounting measures (e.g., from the above 
mentioned output blocks) as described hereinabove. Transla 
tion routines (or translation blocks) are programmed at block 
218. These routines may be programmed in substantially any 
manner but are commonly programmed using either object 
oriented programming techniques or by creating macros 
using subroutines available in historian 120. 
[0041] At block 220, a production model accounting data 
base 115 is con?gured. Based on the prior analysis (e.g., 
generated at blocks 202, 204, 206, and 208), database 115 
includes de?nitions representative of the various unit opera 
tions (or alternatively the plant areas or the equipment) in the 
plant. At block 222, accounting module 110 is con?gured to 
perform the desired accounting analysis and reporting utiliZ 
ing data from predetermined partitions Within database 115. 
[0042] The modi?cations to the various aspects of the 
present invention described hereinabove are merely exem 
plary. It is understood that other modi?cations to the illustra 
tive embodiments Will readily occur to persons With ordinary 
skill in the art. All such modi?cations and variations are 
deemed to be Within the scope and spirit of the present inven 
tion as de?ned by the accompanying claims. 

1. A real-time activity based accounting system including a 
computer usable medium having computer readable code 
therein, for a manufacturing plant having at least one manu 
facturing process, said accounting system comprising: 

a plurality of sub -plant accounting modules con?gurable to 
receive process data from a plurality of sensors associ 
ated With the manufacturing process; 

said sub-plant accounting modules including computer 
usable medium having computer readable program code 
therein for calculating a plurality of sub-plant account 
ing measures using the process data of the plurality of 
mutually distinct process variables, for posting to an 
accounting module; 

a process historian coupled to said sub-plant accounting 
modules; 

a translation module coupled to said process historian; 
the translation module con?gured to receive and aggregate 

the plurality of sub-plant accounting measures; 
a production model accounting database having a plurality 

of sections con?gured for modeling the manufacturing 
process in the manufacturing plant; 

the production model accounting database con?gured to 
receive and selectively place the aggregated accounting 
measures from said translation module into said plural 
ity of sections substantially in real-time; and 
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an accounting port operatively associated With said pro 
duction model accounting database, said accounting 
port being couplable With the accounting module, 
Wherein the accounting system is con?gured to supply 
substantially real-time, aggregated data from the pro 
duction model accounting database to the accounting 
module; 

Wherein the accounting system is con?gured to move data 
along a hierarchically upWard data path from the sen 
sors, to the sub-plant accounting modules, to the produc 
tion model accounting database, the accounting port, 
and to the accounting module. 

2. The accounting system of claim 1, Wherein said transla 
tion module comprises a computer usable medium having 
computer readable program code therein for formatting the 
sub-plant accounting measures stored in said process histo 
rian module. 

3. The accounting system of claim 1, Wherein said produc 
tion model accounting database is con?gured to receive, store 
and partition the accounting measures. 

4. The accounting system of claim 1, comprising a plurality 
of sub-plant accounting modules. 

5. The accounting system of claim 4 Wherein each of said 
plurality of sub-plant accounting modules comprises an algo 
rithm block for computing one or more sub-plant accounting 
measures from the process data. 

6. The accounting system of claim 1, comprising an 
accounting module coupled to said accounting port. 

7. The accounting system of claim 6, Wherein said account 
ing module is con?gured to provide accounting and reporting 
functionality. 

8. The accounting system of claim 6 Wherein said sub-plant 
accounting module, said process historian module, said trans 
lation module, said production model accounting database, 
and said accounting module, are disposed Within a single 
computer. 

9. The accounting system of claim 8 Wherein said single 
computer comprises a member selected from the group 
including a personal computer and a Workstation. 

10. The accounting system of claim 6 Wherein: 

said accounting module and said production model 
accounting database are disposed in a ?rst computer; 
and 

said process historian, said translation module and said 
sub-plant accounting module are disposed in a second 
computer. 

11. The accounting system of claim 6 Wherein: 
said accounting module and said production model 

accounting database are disposed in a ?rst computer; 

said process historian and said translation module are dis 
posed in a second computer; and 

a plurality of sub-plant accounting modules are disposed in 
a plurality of other computers. 

12. The accounting system of claim 6, Wherein said 
accounting module and said production model accounting 
database are disposed in separate computers. 

13. The accounting system of claim 1 con?gured to provide 
real-time accounting on a time scale ranging from about 
second-by-second to about year-by-year. 
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14. The accounting system of claim 13 con?gured to pro 
vide real-time accounting on a time scale ranging from about 
hour-by-hour to about month-by-month. 

15. The accounting system of claim 1, comprising a plu 
rality of process variable transmitters couplable betWeen the 
sensors and said sub-plant accounting module. 

16. The accounting system of claim 15, comprising at least 
one sensor coupled to each of said process variable transmit 
ters. 

17. The accounting system of claim 16 Wherein said sen 
sors comprise ?oW meters, Weight sensors, volume sensors, 
velocity sensors, pressure sensors, temperatures sensors, ana 
lytical measurement devices, counters, voltage sensors, cur 
rent sensors, meters, and timers. 

18. The accounting system of claim 1 Wherein said at least 
one manufacturing process comprises process equipment 
selected from the group consisting of vats, mixers, heating 
units, conveyer belts, pumps, evaporators, ?lters, boilers, 
reaction chambers, generators, and combinations thereof. 

19. The accounting system of claim 1, comprising a graphi 
cal user interface con?gured to display accounting data gen 
erated by said accounting system. 

20. The accounting system of claim 1 Wherein said plural 
ity of sub-plant accounting measures comprise a computer 
usable medium having object oriented computer readable 
program code embodied therein. 

21. The accounting system of claim 1 Wherein said trans 
lation module is con?gured to selectively average and total 
the accounting measures at predetermined intervals. 

22. The accounting system of claim 21 Wherein said pre 
determined intervals are selected from the group consisting of 
hourly, shift, daily, Weekly, biWeekly, monthly, bimonthly, 
quarterly, and combinations thereof. 

23. The accounting system of claim 1 Wherein said produc 
tion model accounting database comprises a plurality of sec 
tions con?gured for modeling a plurality of manufacturing 
processes in the manufacturing plant. 

24. The accounting system of claim 23 Wherein said pro 
duction model accounting database is con?gured to issue 
database calls to said translation module at predetermined 
intervals to receive said accounting measures. 

25. The accounting system of claim 24 Wherein said data 
base calls comprise: 

pointers for locating accounting measures Within said 
translation module; and 

information regarding into Which of said plurality of sec 
tions said accounting measures are to be stored. 

26. The accounting system of claim 23 Wherein said trans 
lation module is con?gured to insert said accounting mea 
sures into said production model accounting database at pre 
determined intervals. 

27. A real-time activity based accounting system for a 
manufacturing plant having at least one manufacturing pro 
cess, said accounting system comprising: 

a plurality of process variable transmitters coupled to pro 
cess equipment in the manufacturing plant for providing 
process data from a plurality of sensors associated With 
the manufacturing process, the plurality of sensors con 
?gured to detect a plurality of mutually distinct process 
variables of the manufacturing process; 

a plurality of sub-plant accounting modules con?gured to 
receive process data from one or more of said process 

variable transmitters; 
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said sub-plant accounting modules including a computer 
usable medium having computer readable program code 
therein for calculating one or more sub-plant accounting 
measures from the process data of the plurality of mutu 
ally distinct process variables; 

a process historian module, coupled to at least one of said 
plurality of sub-plant accounting modules; 

a translation module coupled to said process historian, said 
translation module including a computer usable medium 
having computer readable program code therein for for 
matting the sub-plant accounting measures stored in said 
process historian module into a suitable format; 

the translation module con?gured to receive and aggregate 
the plurality of sub-plant accounting measures; 

a production model accounting database having a plurality 
of sections con?gured for modeling the manufacturing 
process in the manufacturing plant; 

the production model accounting database con?gured for 
selectively receiving, storing and partitioning the aggre 
gated accounting measures from said translation module 
into said plurality of sections substantially in real-time; 
and 

an accounting module coupled to said production model 
accounting database, said accounting module con?g 
ured to receive aggregated data from the production 
model database, to provide accounting and reporting 
functionality for the manufacturing process substan 
tially in real -time; 

Wherein the accounting system is con?gured to move data 
along a hierarchically upWard data path from the sen 
sors, to the sub-plant accounting modules, to the produc 
tion model accounting database, the accounting port, 
and to the accounting module. 

28. A method for providing real-time, sensor-based 
accounting in a manufacturing plant, said method compris 
ing: 

capturing process data With a plurality of process variable 
transmitters, the process variable transmitters being 
coupled to process equipment in the manufacturing 
plant; computing in real-time, a plurality of sub-plant 
accounting measures using the process data; storing the 
sub-plant accounting measures in a process historian; 
translating the sub -plant accounting measures into a for 
mat useful for an accounting system; 

loading the accounting measures into a production model 
accounting database; selectively performing sub-plant 
and plant level accounting functions on the accounting 
measures loaded in the production model accounting 
database to acquire an accounting analysis; and display 
ing the accounting analysis. 

29. A method for implementing a real-time activity based 
accounting system for a manufacturing plant having a plural 
ity of manufacturing processes, said method comprising: 

analyZing plant production How and manufacturing strat 
egy; 

determining plant accounting requirements and required 
sub-plant accounting measures; 

installing process variable transmitters; 
building a plurality of sub-plant accounting modules, each 

of the plurality of sub-plant accounting modules includ 
ing computer readable program code for receiving pro 
cess data from at least one of the process variable trans 
mitters and using the process data to compute one or 
more sub-plant accounting measures; 
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con?guring a process historian to receive real-time sub 
plant accounting measures from the sub-plant account 
ing modules; 

programming a translation module for placing the real 
time sub-plant accounting measures into a format suit 
able for the accounting system; 

structuring a production model accounting database to 
include a plurality of sections relating to the plurality of 
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manufacturing processes; the plurality of sections being 
con?gured for storing the sub-plant accounting mea 
sures; and 

con?guring an accounting module for selectively perform 
ing sub-plant and plant level accounting analysis from 
sub-plant accounting measures stored in the production 
model accounting database. 

* * * * * 


